WD 03/017348 PCT/ KRO1/ 01465 CHEM CAL MECHANI CAL POLI SHI NG PAD HAVI NG HOLES
AND/ OR GROOVES Technical Field The present invention relates to a

pol i shi ngwpad/o1B48ised i n a chem cal nechani cal polishing pcoaaug/0148d nore
particularly to a chem cal nechanical polishing pad fornmed at a polishing
surface thereof with a plurality of concentric circles each having
grooves, holes, or a conbination thereof. 10 Background Art Generally,
chem cal mechanical polishing (CWP) is a high precision/mrrored surface
pol i shing nmethod used to obtain global planarization in a sem conductor
device manufacturing process. In accordance with such CWP, a 15 slurry is
supplied between a polishing pad and a wafer to be polished, so as to
chemcally etch the surface of the wafer. Using the polishing pad, the
etched surface of the wafer is nechanically polished. Referring to Fig. 1,

a typical CMP nmachi ne, i ch i f nce nunmeral 1, is
schematically iIIustrargﬁ&mﬂFég,&ic%%&%héghgﬁnggﬁggtﬁéBCNP machine 1 is
schematically illustrated | MARING HOLEISe AGMPOReGROAVESNC| udes a cheni ca
etching reaction process and a nechanical polishing process, which are

conducted using a 25 polishing pad 10 included in the CMP nmachine 1. The
chemi cal etching r8gshindgails Fagldi ed out by a slurry 42. That is, the

slurry 42 serves teneheieaddy fgaaehtWbhh rdifesiirtgce ohopi i gy glqto be
pol i shed, thereb ,nakln% , _ oo
5 used in a chemical mechanical polishing process, and more

particularly to a chemical mechanical polishing pad
formed at a polishing surface thereof with a plurality of
concentric circles each having grooves, holes, or a

combination thereof.

10 Background Art
Generally, chemical mechanical polishing (CMP) is a
high precision/mirrored surface polishing method used to
obtain global planarization in a semiconductor device
manufacturing process. In accordance with such CMP, a
15 slurry is supplied between a polishing pad and a wafer to
be polished, so as to chemically etch the surface of the
wafer. Using the polishing pad, the etched surface of
the wafer is mechanically polished.
Referring to Fig. 1, a typical CMP machine, which
20 is denoted by the reference numeral 1, is schematically
illustrated. Also, a CMP method using the CMP machine 1
is schematically illustrated in Fig. 2. The CMP method
includes a chemical etching reaction process and a
mechanical polishing process, which are conducted using a
25 polishing pad 10 included in the CMP machine 1. The
chemical etching reaction is carried out by a slurry 42.
That is, the slurry 42 serves to chemically react with

the surface of a wafer 30 to be polished, thereby making



1 WD 03/017348 PCT/ KROL/ 01465 it possible for the nechanical polishing
process, follow ng the chem cal etching reaction, to be easily carried
out. In twe odcisasmi cal polishing process, the polishing pad/KiE1/0mss5ch is
fixedly nounted on a platen 5 20, rotates. The wafer 30, which is firmy
held by a retainer ring 32, rotates while oscillating. A slurry

contai ning abrasive particles is supplied to the polishing pad 10 by a
slurry supply neans 40. The supplied slurry is introduced between the
polishing pad 10 10 and the wafer 30. The introduced abrasive particles
cone into frictional contact with the wafer 30 by virtue of a relative
rotating speed difference between the polishing pad 10 and the wafer 30,
so that they conduct mechanical polishing. The slurry 42 is a colloidal 15
i quid containing abrasive particles having a grain size of nanoneters.
This slurry 42 is spread on_the polishin ad 10 during, the polishing
process. As tife dﬁ?$§ﬂ?ﬁﬁ bad 1G$¥btd? FHg the bgg}%%ingrBFﬁééss, t he
slurry 42 s jppllicednigo the poldnsiialg padhifgi scedtiairgl yt30 b sehatged from
t he periphery Of-e@?<%9|'5h&%919§d 10cg%gicg acﬁﬁﬂﬁﬁ}f“ | force gggsed by

the rotation 6f tHhe ot 1 shi ng pa%l 16 h6fded T o “Achi%evie” dn eihanced

pol i shi ng ef focdiiemdyg ey aBr asihiehpars | €igsdshomodntednam 4 oplaten
desirablse | engthy, period of thin®, Ot 16025 paRer sUrkack: of nthe pali ghi ng
pad 10 So { hre(ggé%a,rtici pate%r}ethe hol'i shing of the Vel '%%Lt i's,
the polishi Agtgddero Sheal d2maketHes| Whiye4256d Hertdngn t He slurry

containing abrasive ©particles is supplied to the
polishing pad 10 by a slurry supply means 40. The
supplied slurry is introduced between the polishing pad

10 10 and the wafer 30. The introduced abrasive particles
come into frictional contact with the wafer 30 by virtue

of a relative rotating speed difference between the
polishing pad 10 and the wafer 30, so that they conduct
mechanical polishing. The slurry 42 1is a colloidal

15 liguid containing abrasive particles having a grain size
of nanometers. This slurry 42 is spread on the polishing

pad 10 during the polishing process. As the polishing

pad 10 rotates during the polishing process, the slurry

42 supplied to the polishing pad 10 is outwardly

20 discharged from the periphery of the polishing pad 10 due
to a centrifugal force caused by the rotation of the
polishing pad 10. In order to achieve an enhanced
polishing efficiency, many abrasive particles should
remain for a desirable lengthy period of time on the

25 upper surface of the polishing pad 10 so that they
participate in the polishing of the wafer. That is, the
polishing pad 10 should make the slurry 42 be held on the
surface thereof for as long a period of time as possible.
Centrifugal force generated during the rotation of

30 the CMP pad 1is higher at a position nearer to the



surface thereof for as long a period of time as possible. Centrifugal

generated during the rotation of

force

30 the CQWP pad is higher at a position

near er t owOa/01348\0 03/ 017348 PCT/ KR0O1/ 01465 peri phery ofCrheropolieshi ng
pad. Due to such a centrifugal force difference between different radial
positions on the polishing pad, the slurry on the polishing pad exhibits
an increased flowrate as it 5 approaches the periphery of the polishing

pad. Thus,

the slurry,

portion 15 amfiSgeri

the slurry is non-uniformy distributed in the radial
direction of the polishing pad. Due to such a non-

uni form di stri buti on of

the wafer is non- uniformy polished because its polishing rate
is varied 10 depending on a radial position of the polishing pad in
contact with the wafer's surface. Such a variation in polishing rate
affects the planarization of the wafer. As a result, the polishing pad
exhibits a consi.d rableﬁﬁglfference i n gollshlgg r at bet en |ts central

r attpor PPORSRERY ¢ RP
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uni formy di fanthdtfeigaie f€bucey @yéferémxe[xﬂebwéan; nadfbyemmntraﬂhamg t he
flow of slurr ngfg %%]l%ﬂlngpgag rlng gh Elsghﬂgr roggssypthe

wafer is pre Se
c potlach iwia hpadrmlwomuam eSnCD@éS?d thiew prassuls, héwever,

frictional

agal nst the nes into

it may be di ffdeWaderneqr thie pelriphe rio o fF @aeh g8 stHaRlyr ladlor thasg, OfthEhe
waf er. For thls reason, the slurry may be distributéd at the central

portion of

10

15

20

25

30

slurry is non-uniformly’ distributed in the radial
direction of the polishing pad. Due to such a non-
uniform distribution of the slurry, the wafer is non-
uniformly polished because its polishing rate is varied
depending on a radial position of the polishing pad in
contact with the wafer’s surface. Such a wvariation in
polishing rate affects the planarization of the wafer.
As a result, the polishing pad exhibits a considerable
difference in polishing rate between its central portion
and its peripheral portion. For this reason, it 1is
necessary to uniformly distribute the slurry over the
polishing pad by controlling the flow of slurry on the
polishing pad.

During the polishing process, the wafer is pressed
against the polishing pad so that it comes 1into
frictional contact with abrasive particles. Due to this
pressure, however, it may be difficult for the slurry to
reach the central portion of the wafer. For this reason,
the slurry may be distributed at the central portion of
the wafer in a relatively reduced amount, as compared to
the amount at the peripheral portion of the wafer. As a
result, the wafer is non-uniformly polished.

In order to solve such a problem, a method has been
proposed, in which holes or grooves having a desired

width, depth and shape are formed on a CMP pad. Such



25 the wafer in a relatively reduced anount, as conpared to the anmount at
the peripheral portion of the wafer. As a result, the wafer is

non- uni f owolog/opsks shed. I n order to solve such a probl em PaTrerhOt6Ras been
proposed, in which holes or grooves having a desired 30 wi dth, depth and
shape are fornmed on a CWP pad. Such 3 WD 03/017348 PCT/ KRO1/ 01465 hol es
or grooves act to control the flow and distribution of the slurry
continuously supplied during the polishing process. Now, holes or grooves
conventionally formed on a 5 polishing pad will be described in
conjunction with the annexed drawings. Fig. 3a is a schematic view
illustrating a polishing pad formed with grooves respectively having the
formof concentric circles. Fig. 3b is a cross-sectional 10 view taken
along the line A- Aof Fig. 3a. As shown in Figs. 3a and 3b, the grooves
formed on the polishing pad have the formof concentric circles uniformy
spaced apar FEEMOGN FTERTERe ASitn t& FQ&F&PldFP@CFﬁBW ﬁﬁﬁl@lﬁ§§P§§tlon

di fferent di ayretels,snespectdévelinuoddey ssuppyieahtiching thecentiishaunsgl y
supplied onto the polishing pad, is forced to nove outwardly by a
centrifugal #31°CE Fenerated as the polishing pad rotates. As a result,
during the polishiRgw, phodess, ot hgrsiomesy ¢envempoeadlly doliedt eshia t he

concent 1y ¢ CIJcauld of Qe Sws ANobh e UML) 200l sehiar gedy L EpMmihBose
grooves. An exanple of 'such concentric circular grooves is disclosed in
U. S. Patent annexed drawings.

Fig. 3a 1is a schematic view illustrating a
polishing pad formed with grooves respectively having the
form of concentric circles. Fig. 3b is a cross-sectional

10 view taken along the line A - A of Fig. 3a. As shown in
Figs. 3a and 3b, the grooves formed on the polishing pad
have the form of concentric circles uniformly spaced
apart from one another in a radial direction while having
different diameters, respectively. The slurry, which is

15 continuously supplied onto the polishing pad, is forced
to move outwardly by a centrifugal force generated as the
polishing pad rotates. As a result, during the polishing
process, the slurry is temporarily collected in the
concentric circular grooves, and then outwardly

20 discharged from those grooves. An example of such
concentric circular grooves is disclosed in U.S. Patent
No. 5,984,769. This U.S. Patent No. 5,984,769 discloses
a polishing pad formed with a plurality of concentric
circular grooves or spiral grooves. The polishing pad is

25 divided into a plurality of groove regions where grooves
having different widths and different lengths are formed,
respectively. However, such a polishing pad having
circular or spiral grooves cannot meet various conditions
required in a CMP process because it has a fixed pattern

30 formed only of grooves.



No. 5,984,769. This U S. Patent No. 5,984,769 discloses a polishing pad
formed with a plurality of concentric circular grooves or spiral grooves.
The pol i swong/opads i s 25 divided into a plurality of groovecTagoonasicdher e
grooves having different widths and different |engths are formned,
respectively. However, such a polishing pad having circular or spiral
grooves cannot neet various conditions required in a CVMP process because
it has a fixed pattern 30 formed only of grooves. 4 WD 03/017348

PCT/ KR01/ 01465 Fig. 4a is a schematic viewillustrating a polishing pad
formed wth holes having a conventional structure. Fig. 4b is a
cross-sectional view illustrating holes shown in Fig. 4a. In the polishing
5 pad of Fig. 4a, a plurality of holes are regularly arranged. The hol es
arranged on the polishing pad store a slurry supplied thereto, thereby

retarding a dlscharg of the, stored slurr .caused by Cfﬂ%rlfu force.
U S. Patent No. 5883 37 dittl ofes S&NFBH §ﬁ|nd”ﬁﬂﬂ fbr Mt 4d W h §r ooves
at a first swdﬁcﬁqimﬁrpeﬁ SEynne) astha rm)lle$hhagmgrfeaceohoepohbshlan :

obj ect and grg O%f%;at a q$é£ suME@cthglxqglydﬂggQ}%% qﬁ%aalatgg |,;n such

a fashion tHat the grooves med “at & second surface ave a Iarger
si ze than thellglrtmm@éilfng neelas shewhirigt HEIsudface.InAl sloe Bo$ishanent No.

5,329, 734 di sgl psesx apigol i s ng, p%(iu@%wlreg ao%l n%léseglaqrze forapdawith a
plurality of "pores and a second region forimed with a _plurality of
openi ngs. arranged. The holes arranged on the polishing pad store
a slurry supplied thereto, thereby retarding a discharge
of the stored slurry caused by centrifugal force. U.S.
Patent No. 5,853,317 discloses a polishing pad formed
10 with grooves at a first surface thereof serving as a
polishing surface to polish an object and grooves at a
second surface fixedly mounted to a platen in such a
fashion that the grooves formed at the second surface
have a larger size than the grooves formed at the first
15 surface. Also, U.S. Patent No. 5,329,734 discloses a
polishing pad having a first region formed with a
plurality of pores and a second region formed with a
plurality of openings.
In the <case of the conventional polishing pad
20 having grooves or holes uniformly spaced apart from one
another, the slurry supplied onto the polishing pad is
hindered from flowing toward the central portion of a
wafer being polished at regions where the polishing pad
is in contact with the wafer. As a result, a degradation
25 in polishing rate occurs at the central portion of the
wafer.
On the other hand, in the case of the conventional
polishing pad having concentric circular grooves, a
superior slurry storage capacity is obtained because each

30 groove has a partially closed structure having vertical



In the case of the conventional polishing pad 20 having grooves or hol es
uni formy spaced apart fromone another, the slurry supplied onto the

pol i shi ngwpad/ois48 hi ndered fromflow ng toward the centralPCpROLOM6ST a
waf er being polished at regions where the polishing pad is in contact with
the wafer. As a result, a degradation 25 in polishing rate occurs at the
central portion of the wafer. On the other hand, in the case of the
conventional polishing pad having concentric circular grooves, a superior
slurry storage capacity is obtai ned because each 30 groove has a partially
cl osed structure having vertical 5 WD 03/017348 PCT/ KRO1/ 01465 groove
wal | s capable of retaining the slurry in the groove against centrifugal
force, as conpared to other conventional polishing pads. However, this
polishing pad has a drawback in that each groove has an insufficient 5

depth corresponding to_.1/4 of the thickness .of the ol i shing pad. Since
t he grooves &rm%swﬁéiﬁedcaﬂa}f’ﬁ‘é &%véetﬁéﬁﬁn@neah onvelRtfonadi™ pé'raeshi ng
pads have a fgredre pagéenst seehtad faugndtenfsrce Ci el eongrarded atdi ogheirt 1S

LD ul SR 3048 ARG Dol LR VAL Gl 0
perforations hési ng peetbeeaki ng pinet ethbk gadoyeathahsahavesafffiicdégnshape.
Since the holgs, have & SimlE ngndihi xedapabterihe i ted Sididdd cWd kRl
arrange themtao have diverse hol'e patterns desired in a

polishing pad.

Since the grooves or holes formed on the above
mentioned conventional polishing pads have a fixed
pattern such as concentric circles orea lattice, it 1is

10 difficult to form a groove pattern capable of effectively
controlling the flow of a slﬁfry. In accordance with the
method for forming perforations using perforating pins,
the perforations have a fixed shape. Since the holes
have a simple and fixed pattern, it is difficult to

15 arrange them to have diverse hole patterns desired in a
CMP process.

In order to solve such problems, accordingly, it is
necessary to design the shape, density and distribution
of grooves or holes, taking into consideratioﬁ the given

20 polishing process conditions such as centrifugal force

and wafer position.

Disclosure of the Invention
Therefore, an object of the invention is to provide
a CMP pad for a CMP process which is formed with holes,
25 grooves or a combination thereof capable of retarding the
discharge rate of a slurry supplied onto a polishing
surface while uniformly distributing the slurry over the
polishing surface.

Another object of the invention is to provide a CMP



CWP process. In order to solve such problens, accordingly, it is necessary
to design the shape, density and distribution of grooves or holes, taking
i nto conswoas@tlideh the gi ven 20 polishing process conditi @®03/KRCI0148S
centrifugal force and wafer position. Disclosure of the Invention
Therefore, an object of the invention is to provide a CW pad for a CW
process which is fornmed with holes, 25 grooves or a conbination thereof
capabl e of retarding the discharge rate of a slurry supplied onto a
polishing surface while uniformy distributing the slurry over the
pol i shing surface. Another object of the invention is to provide a CW 6
WO 03/017348 PCT/ KROL/ 01465 pad fornmed with hol es, grooves or a

conbi nati on thereof capable of effectively controlling the flow of a
slurry supplied onto the polishing pad during a CVMP process. In accordance

with the prese nvention, these 5 objects are acco |IS ed b ovi di ng
& WP pad’ usEFd of SLECEAL bR oBE1ES: wSREVE Sa B 17 aF PTG LBF ELORCNEFEE
circles eachxh&ﬁﬂng gfoeﬁéscthoéB§ contaommmhgnahbomlkhenﬂbfaaseurﬁgrned

at a polshing, siy{ace,lc Wie. ad Bilef Dasariahion et igoboaui ngs 10

Fig. 1is a sc |c S ew Stratin con |gura o a typical Cw
machi ne and a poll§hlngccnﬁﬂhbqepeﬁithlﬂﬁﬁeuspngsehé Aviverdclvime; thege 2 is

a schemagic viemddd ustd ald et e 8Ptproviding a CMP pad used for
a CMP process, wherein a plurality of concentric circles
each having grooves, holes, or a combination thereof are

formed at a polishing surface of the pad.

Brief Description of the Drawings

10 Fig. 1 1is a schematic view 1illustrating the
configuration of a typical CMP machine and a polishing
method performed using the CMP machine;

Fig. 2 is a schematic view illustrating the concept
of a CMP method;

15 Fig. 3a 1s a schematic view illustrating a
polishing pad formed with grooves respectively having the
form of concentric circles;

Fig. 3b 1s a cross-sectional view taken along the
line A - A of Fig. 3a;

20 Fig. 4a 1is a schematic view illustrating a
polishing pad formed with holes having a conventional
structure;

Fig. 4b 1is a <cross-sectional view 1illustrating
holes shown in Fig. 4a;

25 Fig. 5 1is a schematic view illustrating diverse
shapes of grooves, holes or combinations thereof formed
in accordance with the present invention;

Figs. 6a to 6d are schematic views illustrating

various examples of a concentric circle formed by



of a CWP nethod; 15 Fig. 3a is a schematic viewillustrating a polishing
pad forned with grooves respectively having the formof concentric
circles; WD@3/0B1348 s a cross-sectional view taken al ong t h@CTIKRoa/0M65 A of

Fig. 3a; 20 Fig. 4a is a schematic viewillustrating a polishing pad
formed wth holes having a conventional structure; Fig. 4b is a
cross-sectional viewillustrating holes shown in Fig. 4a; 25 Fig. 5is a
schematic view, illustrating diverse shapes of grooves, holes or

conbi nations thereof formed in accordance with the present invention;
Figs. 6a to 6d are schematic views illustrating various exanples of a

concentric circle fornmed by 7 WD 03/017348 PCT/ KR0O1/ 01465 grooves, holes,
or a conbi nation thereof, respectively; Fig. 7 is a schematic view
illustrating a polishing pad having a plurality of concentric circles of

different dianeters eagh conposedgﬁ%.a %Lural' % o% holes; 5.Fig. 8 is a
schematic vi 849Vt ﬁ’é’ﬁieﬁg &bl iCOFPHG2 eE WFERCts FFFPGEG Rt E t wo
radi al regi ons eachiaviings a pkheabitiy ofiegondénstiratdngclepodfisdiihber ent

diameters each GOIO; e%vglﬁa%%rya'&ft %o?{qe%&'rg%i: cg.%g:sl%isg%'f %i%%géégtar €

schenatic views respe Il "'ustra ) each havin
plurality of dicowdems ie@chi cohposeld diff bepdmradilgiyerdr Hodgsh conposed
5 Fig. 8 is a schematic view illustrating a polishing

pad which is divided into two radial regions each having
a plurality of concentric circles of different diameters
each composed of a plurality of holes; and
Figs. 9 and 10 are schematic views respectively
10 illustrating CMP pads each having a ©plurality of
concentric circles of different diameters each composed

of grooves, holes, or a combination thereof.

Best Mode for Carrying Out the Invention
Now, the present invention will be described in
15 detail in terms of its constitution and function, with
reference to the annexed drawings.
In accordance with the present invention, a CMP pad
is provided which has, at a polishing surface thereof, a
plurality of concentric circles each having grooves,
20 holes, or a combination thereof. Referring to Fig. 5,
diverse shapes' of such grooves, holes or combinations
thereof arranged in the form of a concentric circle in
accordance with the present invention are illustrated.
In accordance with the present invention,
25 continuous grooves each having a desired width and a
desired depth may be formed to have the form of
concentric circles, respectively. Such continuous
grooves are disclosed in U.S. Patent No. 5,984,769. In

the case of a polishing pad disclosed in U.S. Patent No.



of grooves, holes, or a conbination thereof. Best Myde for Carrying Qut the
I nvention Now, the present invention will be described in 15 detail in
terns of wo3worssgitution and function, with reference t@drhcamsied
drawi ngs. In accordance with the present invention, a CVMP pad is provided
whi ch has,. at a polishing surface thereof, a plurality of concentric
circles each having grooves, 20 holes, or a conbination thereof. Referring
to Fig. 5, diverse shapes of such grooves, holes or conbinations thereof
arranged in the formof a concentric circle in accordance with the present
invention are illustrated. In accordance wth the present invention, 25
conti nuous grooves each having a desired width and a desired depth may be
formed to have the formof concentric circles, respectively. Such
continuous grooves are disclosed in U S. Patent No. 5,984,769. In the
case of a polishin ad disclosed in U S. Patent_No. 8 WO 03/017348

PCT/ KRO1/ 0146% 98 0P 769, RLPpFaFHLY t wiof UBAFPERhY y SHARSH EOREERLRILE

circul ar groavesdre: fgromes lareadeamdance with the present invention,
di sconti nuous groo es each having a deg'red ﬂjdph rde L 51%an|§” th may
be formed which ari regﬁFﬁPFgaﬁFgangga hhl|8 Bei n§ Ssgcgd apart Fr8ﬁf0ne
anot her. Thes# graovviesioumyghwuead fergt yhapaceda agasi rédowidhb, adeplier by a
P ool Do nanogy, Aierpa ahia LORLOKORRS FE B Cak A
while being spaced apart from one another. These grooves
may be uniformly spaced apart from one another by a
predetermined distance. Alternatively, the grooves may
be regularly or irregularly arranged while being
10 uniformly or non-uniformly spaced apart from one another.
Also, the grooves may have different depths, widths, or
lengths, respectively. Typically, each groove may have a
rectangular cross-sectional shape. Of course, each
groove may have other cross-sectional shapes, for
15 example, an inverted triangular shape.
Alternatively, a plurality of holes, which have a
desired depth and diameter, may be arranged to have a
uniform space between the centers of adjacent ones
thereof in accordance with the present invention. Where
20 the space between adjacent holes is smaller than radius
of the holes, the holes have a continuous arrangement.
The space between adjacent holes can be adjusted to be
increased or reduced. In addition, the polishing pad of
the present invention may have hole groups each having at
25 least two holes spaced apart from each other by a
distance of rl. In this case, the hole groups may be
regularly arranged while being uniformly spaced apart
from one another by a desired distance of r2 (r2 > rl).
In this case, the holes may also be non-uniformly spaced

30 apart from one another, as 1in the grooves. Also, the



10 uniformy or non-uniformy spaced apart fromone another. Also, the
grooves may have different depths, widths, or |engths, respectively.

Typi cal | ywoaaph73gs oove nmay have a rectangul ar cross-sect iPCR&Rl0aps. O
course, each groove may have other cross-sectional shapes, for 15
exanple, an inverted triangular shape. Alternatively, a plurality of holes,
whi ch have a desired depth and di aneter, nmay be arranged to have a

uni form space between the centers of adjacent ones thereof in accordance
with the present invention. Wiere 20 the space between adjacent holes is
smal l er than radius of the holes, the hol es have a continuous arrangenent.
The space between adj acent hol es can be adjusted to be increased or
reduced. In addition, the polishing pad of the present invention nay have
hol e groups each having at 25 | east two hol es spaced apart from each ot her

by a distance of rl. In this case, the hole groups may be reqgularly
arranged whi I n’@alﬁnlhfaéﬁem ‘}lgﬁ%ﬁ%‘at aH&Plthsf'rcﬁL:ﬁ %‘?ﬁn hef BSFasired
di stance of rexdgertivel)ly. In this case, the holes nmay also be

non-uni formy spac d 30 apar fron1on anqt her, in the ar : Also
the 9 WD 03/01734 qé%fé%ﬁﬁ% es%bgy eﬁ&f%ﬁ%feren?ggep?hs

di aneters, orccsrttaipwlorr espedio e yanldn areoveancewi bé tfernmdssentThe

| nventi of &ﬁ&ﬁ}iﬂdrpwfha@ﬁ%ﬁ%ﬂ M APV rRE S Rehb 1 HAR 1 oRis

conblnatlon of es and grooves may include coribi nati ons of grooves and
hol es haV|ngCHiv@?%@v%%tﬁéﬂn@Ol?ﬁaﬂmi%%ng diverse patterns. hat 1is,

the polishing pad of the present invention may have a
number of different patterns each formed by a combination
of holes and grooves. For example, holes each having a
10 desired depth and diameter and grooves each having a
desired depth, width, and 1length may be alternately
arranged while being spaced apart from one another.
Each pattern formed by grooves, holes or a
combination thereof forms a concentric circle. Various
15 examples of such a concentric circle formed by grooves,
holes, or a combination thereof are illustrated in Figs.
ba to 6d, respectively.
Fig. 6a shows a concentric circle formed by a
plurality of grooves having a desired width and length
20 while being uniformly spaced apart from one another.
Fig. 6b shows a concentric circle formed by a plurality
of holes having a desired width and length while being
uniformly spaced apart from one another. Figs. 6¢c and éd
show concentric circles each formed by a combination of
25 grooves and holes, respectively. In the concentric
circle of Fig. 6c¢c, grooves and holes are regularly
arranged in such a fashion that one groove alternates
with one hole while being uniformly spaced apart from one
another. In the concentric circles of Fig. 6d, grooves

30 and holes are regularly arranged in such a fashion that

10



the polishing pad of the present invention may have a nunber of different
patterns each fornmed by a conbination of holes and grooves. For exanpl e,
hol es eacWwoOhlawi13gs a 10 desired depth and di aneter and gr o®¢EXRIa®Mosavi ng a
desired depth, width, and length may be alternately arranged while being
spaced apart from one another. Each pattern forned by grooves, holes or a
conbi nation thereof forns a concentric circle. Various 15 exanples of such
a concentric circle forned by grooves, holes, or a conbination thereof are
illustrated in Figs. 6a to 6d, respectively. Fig. 6a shows a concentric
circle forned by a plurality of grooves having a desired width and | ength
20 while being uniformy spaced apart fromone another. Fig. 6b shows a
concentric circle forned by a plurality of holes having a desired wi dth
and length while being uniformy spaced apart from one another. Figs. 6¢c

and 6d show concentric circles each fornmed by a caonbi pat.i on of 25 grooves
and hol es, resHe ‘?njxf’efi VIS e dortde MRS @ro(?ix’teclwg‘lg'% g% 1§PE8 s and
hol es are regpardd apartangeth ionesutlvthefrashi on that one groove al ternates

with one hol ¢ whil g being Woliornay: snaced Apard. fyam ong,,angLhes, ln the
concentric circles o Eig. 85, grooves 30 an &igs re regularly grfanged
in such a fasdd onte hatd 10ranND QBYN17E348 RPCHWROE 065 pungrdes .es alltner nat e

Wi th ones gr ooyg WU e} g uind oa%yen@pﬁg@gn@p@ﬁ,t fromopgsangiher, The
concentric circles respectively shown in Figs.

, form concentric <Tircles having diverse patterns each
composed of holes, grooves or a combination thereof
having diverse shapes.

Thus, the CMP pad of the present invention may be

10 formed with a plurality of concentric circles of
different diameters each having grooves, holes, or a
combination thereof.

In accordance with the present invention, the
concentric circles formed on the polishing pad may have

15 identical or different patterns each composed of grooves,
holes, or a combination thereof. Also, the concentric
circles may have the same pattern at a certain region of
the polishing pad while having different patterns at
other regions.

20 The space between adjacent concentric circles
formed on the polishing pad may be uniform or non-
uniform. Also, the circle space may vary gradually in
accordance with the c¢ircle radius. For example, the
circle space may be gradually reduced from the central

25 portion to the peripheral portion of the polishing pad
while being inversely proportional to an increase in
circle radius.

Fig. 7 illustrates a polishing pad formed with a
plurality of concentric circles of different diameters

30 each having a plurality of holes. In this case, the

11 5



6a to 6d are only for illustrative purposes. In 5 accordance with the
present invention, it is possible to formconcentric circles having diverse
patt er ns wagh/o1Bsesrposed of hol es, grooves or a conbi nati oRCrheRoeoi46shavi ng
di verse shapes. Thus, the CVWP pad of the present invention may be 10
formed wth a plurality of concentric circles of different dianmeters each
havi ng grooves, holes, or a conbination thereof. In accordance with the
present invention, the concentric circles formed on the polishing pad may
have 15 identical or different patterns each conposed of grooves, holes,

or a conbination thereof. Al so, the concentric circles may have the sane
pattern at a certain region of the polishing pad while having different
patterns at other regions. 20 The space between adjacent concentric
circles formed on the polishing pad may be uniformor non- uniform Al so,
the circle space may_vary gradually in  accordance with the circle radius.
For exanpl e, YHES d%?cF@es¢§EH3 Ife gtagtef| Paveddded $#B% CRETEEREral 25
portion to thaeigpethphelarle potléopefcet.he poéi shintgnpad c wWhit€eldei adso

i nversely prgportiOQ%L to_an increﬁse in_circle & dius. Fig. 7_.illustrates

a polishing pﬁf%cw%ed wthia CBFE %it%?%ﬁeboncen rigogf?%fesVSFlaPFferent

di aneters 3ncshdh dedhiiomg a gtair abdsyilple hobes. adpushisgcashke t Hepthl WO

03/0173%§ PCIG%QQ&&Q%4Q§E space of the holes forming each concentric
circle or the circle space, thereby varying the hole
pattern of the polishing pad.

In accordance with the present invention, the
polishing pad may be divided into a plurality of radial

10 regions. Referring to Fig. 8, a polishing pad 1is
illustrated which is divided into two radial regions.

Each radial region of the polishing pad may be
formed with a plurality of concentric circles having
different diameters while having the same pattern. The

15 radial regions may have different patterns or different
depths, widths or spaces of grooves or holes.

For example, the polishing pad may be divided into
inner and outer radial regions respectively defined at
opposite sides of a circle having a radius rp;. The inner

20 radial region has a radius smaller than the radius ry (r
< rg) whereas the outer radial region has a radius larger
than the radius rg (r > rg). Each of the inner and outer
radial regions is formed with concentric circles having
different radii while being composed of holes having the

25 same diameter and the same hole space. The outer radial
region may have a larger hole diameter and hole space
than those of the inner radial region.

Figs. 9 and 10 illustrate embodiments of the
present invention associated with CMP pads each formed

30 with a plurality of concentric circles of different

12



hol es of the concentric circles have the sanme dianeter and the same hole
space. The concentric circles also have the sane circle space. O course,
vari ous WoOdMdBMi™3a i ons are possi ble by adjusting the dept rRCTEKRMamsser, or
space of the holes form ng each concentric circle or the circle space,
t hereby varying the hole pattern of the polishing pad. In accordance with
the present invention, the polishing pad may be divided into a plurality
of radial 10 regions. Referring to Fig. 8, a polishing pad is illustrated
which is divided into two radial regions. Each radial region of the
polishing pad may be forned with a plurality of concentric circles having
different dianeters while having the sane pattern. The 15 radial regions
may have different patterns or different depths, w dths or spaces of
grooves or holes. For exanple, the polishing pad may be divided into i nner
and outer radia ns res ectivel deflgF op osite

Fsregl

es a
circle haV|mﬁ%fW%ﬁﬁ RV g iﬁﬁ%? 29 r adP has gop di'é lgﬁaller

than the raditlssremfir < ro) whereas the outer radial region has a radius

larger —than the r?ﬁ'%ﬁtk%r(caser°%01 ach, /&J“@f%ﬁ?%eagg OBEe%or@%ﬁia

regions is formed Wwth concentri¢ circles v rent radi
bei ng conposeﬁp(ﬁaWﬂﬂdﬁyqﬁﬂﬁ|m§t¢@6n250§@@bldlQﬁep@ﬁlmﬁdlwh@e§§ﬁégh@hé

space. The outgfed aiialshirROIHIdJRY Q@ﬁgl%lbggger hol e di aneter and hol e
space than those of the jnnéer radial region. q%?%Q and 10 illustrate

embodi nents of theprﬁfﬁééﬁ%yrnﬁ%%ﬁ|€ﬁF%%%%%?aP§d S CMETRRISSedth for med

combination thereof is achieved using a laser machining

process. The laser machining process provides advantages

in that it 1is capable of precisely machining holes or

10 grooves having a complicated structure, making the holes

and/or grooves have a smooth inner surface, and easily

adjusting the shape, size, and depth of the holes and/or
grooves.

Of course, the machining of holes, grooves or a

15 combination thereof may be achieved by a cutting or

milling process using mechanical means in accordance with

the present invention. Also, the machining process may

be achieved using a combination of a laser machining

method and a mechanical machining method.

20 Industrial Applicability
As apparent from the above description, the present
invention provides a polishing pad for a CMP process
which 1is formed with holes, grooves or a combination
thereof having diverse shapes, sizes, and patterns while
25 being capable of retarding the discharge rate of a slurry
supplied onto a polishing surface, uniformly distributing
the slurry over the polishing surface, and effectively
controlling the flow of the slurry during the CMP process,

thereby stably maintaining a desired polishing rate and

13



30 with a plurality of concentric circles of different 12 W 03/017348
PCT/ KRO1/ 01465 di aneters havi ng grooves, holes, or a conbination thereof.
I n eit herwoasml73dl es and/ or grooves can be formed to haPeTHRIRNOSBS
patterns capable of optimally neeting the 5 given polishing process
conditions. Preferably, the formation of holes, grooves or a conbination
thereof is achieved using a | aser machining process. The | aser machi ning
process provides advantages in that it is capable of precisely nachining
hol es or 10 grooves having a conplicated structure, making the hol es

and/ or grooves have a snooth inner surface, and easily adjusting the
shape, size, and depth of the holes and/or grooves. O course, the
machi ni ng of holes, grooves or a 15 conbi nation thereof nay be achi eved by
a cutting or mlling process using nechanical neans in accordance with

the present invention. Al so, the machi ning process may be achieved using a
conbi nati on G 9vader Fradfitfiaved meehdd A% 18 mechani cal nachi ni ng met hod.
20 Industrial Applhcehbhghythe pppaeertdf eapbthReabsverdesner ipveaniohhe

presert , LIVAEKLON BLEY! 08 2 Bl o 53, Pag g 3, CIE pr atesz ol el
si zes, and patdrerurstiltind evizh keihng ec sapabloe ofr ooeteapditig rnhé odinedhange r at e
of a slwry SuUnRlHiel YL AP S WiReSs, Uthbeemsy 1dh 8hr i Rutiheg

art will appreciate that various modifications, additions

and substitutions are possible, without departing from

the scope and spirit of the invention as disclosed in the

accompanying claims.

10
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the slurry over the polishing surface, and effectively controlling the
flow of the slurry during the CMP process, thereby stably nmaintaining a
desired pwbioghinggsrate and 13 WO 03/017348 PCT/ KRO1/ 0146BCTAR1OVi68g an

i nproved planarization. Although the preferred enbodi nents of the invention

have been disclosed for illustrative purposes in conjunction with a hole
and/ or groove pattern formed on a 5 polishing pad used in a CMP process,
those skilled in the art will appreciate that various nodifications,

additions and substitutions are possible, w thout departing from the
scope and spirit of the invention as disclosed in the acconpanying clains.
10 14 WD 03/017348 PCT/ KRO1/ 01465 dainms 1. A chem cal nechanica
pol i shing pad used for a chenm cal mechanical polishing process, wherein a
plurality of concentric circles each having grooves, 5 holes, or a

conbi nation thereof_are formed at a polishing surface of the pad. 2. The
chem cal nechanica?l%bm?shing pad according to claiml1l, wherein each of
the concentric circles has a plurality of discontinuous grooves arranged

to be spaced 10 apart ,fr a er.. eac . r e i a
desired depth, a dgéiﬁe(ﬂgﬁyﬁ%l£§%ﬁﬁqué§%e gié%gfﬁg gg&Tﬁgg%ﬁeﬁgﬁa
mechani cal palhestiioad pameabevidahg polishing  process,  wherein a

plurality of concentric circles each having grooves,
5 holes, or a combination thereof are formed at a polishing

surface of the pad.

2. The chemical mechanical polishing pad according

to claim 1, wherein each of the concentric circles has a
plurality of discontinuous grooves arranged to be spaced

10 apart from one another, each of the grooves having a

desired depth, a desired width, and a desired length.

3. The chemical mechanical polishing pad according
to claim 2, wherein the grooves are different in at least
one of their depth, width, and length.

15 4. The chemical mechanical polishing pad according
to claim 2, wherein the space defined between adjacent

ones of the grooves is uniform or non-uniform.

5. The chemical mechanical polishing pad according

to claim 1, wherein each of the concentric circles has a

20 plurality of holes arranged to be spaced apart from one
another, each of the holes having a desired depth and a

desired diameter.

6. The chemical mechanical polishing pad according

to claim 5, wherein the holes are different in at least

15



to claim?2, wherein the grooves are different in at |east one of their
depth, width, and length. 15 4. The chem cal nechani cal polishing pad
accor di ngwotos/oci3as m 2, wherein the space defined between adjiraGmmii46dnes of
the grooves is uniformor non-uniform 5. The chem cal nechani cal polishing
pad according to claiml1, wherein each of the concentric circles has a 20
plurality of holes arranged to be spaced apart from one another, each of
the hol es having a desired depth and a desired dianeter. 6. The chem cal
mechani cal polishing pad according to claimb5, wherein the holes are
different in at least 15 WO 03/017348 PCT/ KRO1/ 01465 one of their depth,
their dianmeter, and their space defined between adjacent ones thereof. 7.
The chem cal nechanical polishing pad according to claim1, wherein each
of the concentric circles has a 5 conbination of holes having a desired

depth, a desired dianmeter, and a desired space defined between adj acent
ones t hereof o%d §footR81RaisRf I dddieded déphaterr & r édistitdt AP28Rd a

desired | engidarinkel heltescanddigieartesnkel feakbernatel y arranged while
bei ng spaced 10 apart from one another to alternate at | east one of the

holes with one of the grooves. 8. The chem cal nechanical polishing pad
according to any oneTbk cdhamgal trechamterleipoliwhiconceadr ccocdinbes are

uniformy spaged apal df "R O0E, anothess LRe 9codBEnthem colcTBShARL CY!

pol i shi ng pad accor
5 combination of holes having a desired depth, a desired

diameter, and a desired space defined between adjacent
ones thereof and grooves having a desired depth, a
desired width, and a desired length, the holes and
grooves being alternately arranged while being spaced
10 apart from one another to alternate at least one of the

holes with one of the grooves.

8. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein the concentric

circles are uniformly spaced apart from one another.

15 9. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein the concentric
circles are non-uniformly spaced apart from one another
so that the space defined between adjacent ones of the
concentric circles 1is gradually reduced from a central

20 portion of the pad to a peripheral portion of the pad.

10. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein the grooves, holes,

or combination thereof are machined by a laser.

11. A chemical mechanical polishing pad used for a

25 chemical mechanical polishing process, the pad being

16



to any one of clains 1 to 7, wherein the concentric circles are

non-uni formy spaced apart from one another so that the space defined

bet ween awipasent3s®nes of the concentric circles is graduCnKroedused from
a central 20 portion of the pad to a peripheral portion of the pad. 10.
The chem cal nechanical polishing pad according to any one of clains 1 to
7, wherein the grooves, holes, or conbination thereof are machined by a

| aser. 11. A chem cal nechanical polishing pad used for a 25 chemica
mechani cal polishing process, the pad being 16 WO 03/017348 PCT/ KRO1/ 01465
divided into at least two radial regions each formed with a plurality of
concentric circles of different dianeters having the sane pattern of
grooves, holes or a conbination thereof, the pattern of each of the radi al
5 regions being different fromthe patterns of the renaining radial

regions. 12. chenj cal. mechani cal polishj.n ad .used for chem ca
rehan cai - pdt SCHTAth BYGt Gk 1GARE AP BETG. GRLAET ALY GOTBRs ¢ o
radi al regions ghotefioryredf wethcd@taipl ofatley of diifferehy sjjaceders
concentric cifcles of hglf%g&gnté%hgﬂggprsogacgrgg¥%gg gﬁ?ﬁ¥£§’ haleg or a

conbi nati on Jhereé%, Ehe space between adj acent ones 6f e concentric
circles in eashphathien adhateeegi she Hediteyrdi ¢f epenth fafonthéogadifalt he

remaining radi@ionkd "G QPNS- dlfferent from the patterns of the

remaining radial regions.

12. A chemical mechanical polishing pad used for a
chemical mechanical polishing process, the pad being
divided into at least two radial regions each formed with

10 a plurality of uniformly spaced concentric circles of
different diameters each having grooves, holes or a
combination thereof, the space between adjacent ones of
the concentric circles in each of the radial regions
being different from those of the remaining radial

15 regions.
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